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1. INTRODUCTION  
It has been more than 13 years since Hurricane Katrina devastated the coastal areas in the Northern 
Gulf of Mexico States in August 2005 (Posadas, 2008; Posadas et al., 2008). The closures of 
significant portions of Gulf waters to commercial and recreational fishing due to the Deepwater 
Horizon (DWH) or Gulf of Mexico oil spill (Gomos) in April 2010 altered the production, 
recreation, and consumption decisions of households in affected communities (Posadas, 2015). 
Mississippi was in the process of restoring the public oyster reefs after H. Katrina and the DWH 
oil spill when the prolonged Bonnet Carre Spillway (BCS) opening in May-June 2011 resulted to 
massive oyster mortalities in the shellfish growing waters (Posadas and Posadas, 2017a; 2017b).  
These mortalities halted the recovery process of the oyster fishery to its baseline levels in 2002-
2004 (Posadas, 2017a; 2017b). The prolonged exposure to freshwater, which caused massive 
mortalities of the oyster populations, required restoration projects to enable the fishery to recover 
to its baseline status. The restoration efforts included but not be limited to the dredging of non-
affected oyster seed stock and relaying them to affected reefs (MDMR, 2013, 2019a; MDEQ, 
2016). Oyster shells and other cultch materials were purchased and planted in affected areas. These 
restoration efforts were expected to enable the oyster reefs to replenish the damaged oyster 
populations and became available for harvest when the resources reached market size. 
 A survey of related literature dealing with the economic impacts of coastal hazards, 
particularly harmful algal blooms and freshwater intrusion on commercial fisheries in North 
America, provided the theoretical background in the analysis. Adams and Larkin (2013) conducted 
a recent literature review of the economics of harmful algal blooms. A combination of linear 
regression and input-output modeling was used to estimate the economic effects of harmful algal 
blooms in different states (Athearn, 2008; Evans et al. 2016; Jin et al., 2008).  
Economic impacts can be broadly defined “to mean either lost gross revenues in the relevant 
product or factor markets, expenditures for environmental monitoring and management, or other 
costs that would not have been incurred in the absence of harmful algal blooms” (Anderson et al., 
2000, Hoagland et al., 2002). The four major categories of impact losses of harmful algal blooms 
include public health impacts, commercial fishery impacts, recreational and tourism impacts, and 
monitoring and management costs (Anderson et al., 2000; Hoagland and Scatasta, 2006).  
In the commercial shellfish harvest model in Maine, information regarding environmental, 
economic, and regulatory conditions was used to predict landings of soft-shell clams under 
different conditions (Evans et al. 2016). Linear multiple regression analysis and input-output 
modeling were employed by Athearn (2008) in estimating the economic losses due to the closure 
of shellfish areas from harvesting in Maine. Multiple regression analysis of annual landings and 
landed value were used by Jin et al. (2008) to compare the net revenue from commercial shellfish 
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fishing with and without harmful algal blooms. Haigh and Esenkulova (2014) surveyed four 
Salmon aquaculture farms in British Columbia, Canada, to estimate the economic losses due to 
harmful algal blooms in 2009-12. 
This paper attempts to quantify the commercial fishery impacts due to recent coastal hazards, 
especially harmful algal blooms and prolonged freshwater intrusion. Commercial fishery impacts 
include losses of wild harvests and aquaculture of oysters by commercial Mississippi oyster fishers 
and farmers. Earlier estimates of the direct economic losses supported the state application for 
fisheries disaster declaration for the oyster and crab fisheries (Posadas and Posadas, 2017a; 2017b) 
as a result of flooding from the Mississippi River waterway system that required the BCS to be 
opened in May 2011. A fisheries disaster determination was approved for Mississippi by the 
Secretary of the U.S. Department of Commerce in Sep. 2012 (NOAA Fisheries, 2019a).  
The BCS has been opened twice in 2019, and this very prolonged exposure to freshwater, 
sediments, freshwater algal blooms, and other pollutants severely, if not completely devastate the 
state oyster fishery resources. To protect lives, properties, and the way of life in New Orleans and 
surrounding areas, the BCS was opened first from Feb.-Apr., 2019, and then again from May-July, 
2019. These double openings of the BCS brought unwanted amounts of freshwater, which flowed 
through the mighty Mississippi River from several crop-producing states in the North. These 
openings are the fourth and fifth times since the BCS opening in 2011. These massive volumes of 
freshwater are dumped into the fertile fishery grounds of the Mississippi Sound. There are reports 
of unknown types and quantities of pollutants, sediments, and freshwater algal blooms that came 
with the large amounts of freshwater which came through the Mississippi River and its tributaries. 
Daily reports from the USGS (2019) from Mar.-Jun., 2019 showed that salinity levels went below 
the critical levels for oysters to survive, and were almost zero for more than four months since 
opening. Thus, the 2019 BCS openings will eventually impose Katrina-size damages to the oyster 
fishery on top of the already Katrina-size devastation in 2011.  
MDEQ (2019) closed all the beach areas in Coastal Mississippi and prohibited fishing and 
swimming during the week of the Fourth of July. The beach closures were prompted by the 
massive presence of the freshwater blue-green algal blooms in the coastal waters of Hancock, 










State oyster fishery covers mostly public oyster reefs and a few private oyster leases. Normally, 
most commercial oyster harvesting occurred in-state public oyster reefs from Oct. to April. The 
Mississippi Department of Marine Resources (MDMR, 2013) is tasked to manage all the state 
marine resources. Before Hurricane Katrina in 2005, Mississippi had about 12,000 acres of 
productive oyster reef habitat (MDMR, 2005). The massive 2005 hurricane, however, devastated 
90-95 percent of the oyster resources. With federal assistance, the state embarked on a massive 
oyster relaying and cultch planting starting 2006. Before the prolonged BCS opening in 2011, 
Mississippi had about 7,700 acres of public oyster growing areas and 600 acres of private oyster 
leases (Posadas and Posadas, 2017a). The prolonged BCS opening in 2011, however, caused about 
86 percent oyster mortalities (MDMR 2011a). Again, the state embarked on another massive oyster 
relaying and cultch planting since 2011. These restoration efforts are expected to enable the oyster 
fishery to recover its lost productive capacity. The severely depleted growing areas are open to 
harvesting by licensed oyster fishers with either tonging or dredging licenses during open seasons.  
The natural and technological disasters since 2005 adversely impacted the oyster fishery in 
Mississippi. Fig. 1 shows the available monthly data on Mississippi commercial oyster landings 
covering the four years before and the five years after Hurricane Katrina, as well as seven years 
after the Deepwater Horizon oil spill. Observe the rapid decline in oyster landings after Hurricane 
Katrina in August 2005, the oil spill in April 2010, and the years after the prolonged spillway 
opening in May 2011. The state’s public oyster reefs are generally closed to harvest during May, 
June, July, Aug., and Sep. Mississippi oyster landings made up 7.76 percent of the total 
commercial landings in the United States during the four years before Hurricane Katrina. The share 
of oyster landings fell to 3.16 percent during the five years after Hurricane Katrina. During the 
seven years after the oil spill, the share of the state oyster landings further declined to 1.45 percent 
of total domestic, commercial landings.  
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Figure 1. Monthly Mississippi oyster landings in pounds of meat from Jan. 2002 to Dec. 2016. Source of 
raw data: NOAA Fisheries (2019b).  
 
2.1. Empirical models  
Long-term data were compiled to develop economic recovery models (ERM) for the Mississippi 
oyster fishery. The economic recovery model attempts to explain the individual and joint effects 
of the recent coastal hazards, output and input markets, environmental conditions, and regulatory 
and management strategies on the levels of commercial oyster harvests and dockside values (Fig. 
2). The oyster fishery economic recovery model defined by Eq. 1 was estimated using available 
monthly data on commercial oyster landing values from Jan. 2002 to Dec. 2016.  The choice of 
explanatory variables was guided by those demand and supply determinants that have available 
monthly data since 2002 (Posadas and Posadas, 2017a).  
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Figure 2. Mississippi oyster fishery economic recovery model (Posadas, 2019).  
 
Using the ERM described in Posadas and Posadas (2017a), the empirical model used in 
measuring the economic recovery of the Mississippi oyster fishery is as follows:   
 EDV = ß0 + ß1 x TS + ß2 x OIM + ß3 x RCE + ß4 x CH + ß5 x MS + É  Eq. 1,  
where EDV – estimated dockside value ($/mo), TS - time and season, OIM – output and input 
markets, RE – regulatory and coastal environment, CH – coastal hazards, MS – management 
strategies, Bi – regression coefficients, and E – error term.  
The following dependent and independent variables describe the specifications of the 
economic recovery model of the Mississippi oyster fishery from Jan. 2002 to Dec. 2016: 
Estimated dockside value - the ex-vessel value of commercial oyster landings in Mississippi 
deflated by the consumer price index (CPI) with 2016 as the base year ($/lb). Monthly dockside 
values were retrieved from NOAA Fisheries (2019b), and the CPI was downloaded from the 
Bureau of Labor Statistics (BLS, 2019a).  
The following independent variables describe time and seasonality (TS) affecting oyster 
dockside values:  
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Time - 1, 2, 3,…,15, representing year from 2002 to 2016. The time variable was expected to 
capture the long-term trend in commercial landings from 2002–16. 
Month - 1, 2, 3,…,12, representing month with January used as the base month. Commercial 
oyster harvesting normally occurred from Sep.–May in 2002–04 but shifted to Oct. or Nov. to Mar. 
or Apr. after Hurricane Katrina. The dummy variables representing months were designed to 
capture the seasonal nature of oyster harvesting in the state. 
The economic factors assumed to have influenced dockside values were the cost of fuel, 
availability of deckhands, price of oysters, and price of white shrimp. These independent variables 
describe the outputs and inputs market assumed impacting oyster dockside values (OIM):   
Diesel price – the Gulf Coast no. 2 retail diesel price deflated by CPI ($/gal). Diesel retail price 
was used to reflect possible shifts in the supply of oysters over time. Diesel prices were retrieved 
from USEIA (2019). 
Unemployment – the unemployment rate in Mississippi (%) represented the supply of workers 
in the state. The unemployment data were downloaded from BLS (2019b).  
Oyster price – the Gulf of Mexico states’ average ex-vessel price of oysters deflated by CPI 
($/lb). The oyster ex-vessel price influenced both the demand and supply of oysters over time. The 
oyster price data were imputed from landing volumes and landings values retrieved from NOAA 
Fisheries (2019b).  
Shrimp price – the Gulf of Mexico states’ average ex-vessel price of White shrimp deflated by 
CPI ($/lb). The white shrimp ex-vessel price was assumed to influence the demand for oysters 
either as a complementary or substitute product. The white shrimp price data were imputed from 
the landing volumes and landings values retrieved from NOAA Fisheries (2019b).  
The prevailing coastal environment affected the decision made by the state regulatory agency 
managing the oyster fishery to open or close oyster harvesting in state waters. Water temperature 
and salinity are better indicators of the coastal environment; however, long-term monthly data on 
these environmental indicators are not available consistently. The independent variable indicating 
the regulatory and coastal environment (RCE) is:  
Oyster season - dummy variable representing opening oyster season (=1, if open; =0, 
otherwise). The dummy variable representing whether the season was opened or closed was used 
as a proxy variable for water quality in the oyster growing areas. 
The dummy variables representing the hurricane, the oil spill, the spillway opening, and 
harmful algal blooms were added to measure their effects on landings. The dummy variables 
representing the oil spill in 2011 and 2012 were removed to eliminate collinearity problems in 
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estimation (Posadas and Posadas, 2017a). These independent variables describe the different 
coastal hazards affecting the oyster fishery (CH):  
Katrina - dummy variable representing Hurricane Katrina (=1, assumes that the hurricane 
negatively impacts the fishery in 2005, 2006, and 2007; =0, if otherwise).  
Oil spill - dummy variable representing the Deepwater Horizon oil spill (=1, assumes that the 
oil spill negatively impacts the fishery in 2010, 2011, 2012; =0, if otherwise).  
BCS - dummy variable representing the opening of Bonnet Carré spillway (=1, assumes that 
the opening negatively impacts the fishery in 2011, 2012, 2013, 2016; =0, if otherwise).  
HABS - dummy variable representing harmful algal blooms (=1, assumes that the bloom 
negatively impacts the fishery in 2015, 2016; =0, if otherwise).  
The Governor’s Oyster Council (MDMR, 2015a) made several recommendations to achieve 
the annual goal of the state to produce 1,000,000 sacks of oysters starting in 2025. Among other 
strategies, the introduction and promotion of oyster aquaculture were encouraged, and steps are 
currently ongoing to implement that program. Recently, the harvesting of oysters is now subject 
to a quota system limiting harvest to 30 percent of harvestable oysters. Meantime, public relaying 
of sack and seed oysters to suitable and protected state growing waters and massive cultch planting 
in public oyster reefs are currently undertaken by state regulatory agencies. The independent 
variable indicating the management strategies of the oyster fishery (MS) is:  
Relaying - total costs of oyster relaying and cultch planting deflated by CPI ($/mo). Total costs 
of oyster relaying and cultch planting reflected the restoration activities conducted by state 
regulatory agencies. The total cost of cultch planting and oyster relaying was lagged to determine 
optimal harvesting time. The MDMR Office of Fisheries provided these data. Oysters relayed from 
one location to another could be harvested starting the following oyster season. Cultch materials 
could become materials for oyster spats to attached to, and mature oysters may be available for 
harvest at least 2-3 years after planting.  
No-disaster-estimates of Mississippi monthly commercial oyster landing values were made on 
the assumption that none of the coastal hazards negatively impacted the fishery since 2005. The 
predicted values of the ERM model were forced to be zero when the oyster season normally closed 
from May to Sep. The differences between these no-disaster-estimates and the actual monthly 
oyster landing values measured the combined direct economic losses associated with the recent 
natural and technological disasters.  
Direct losses = estimated dockside values without any disaster (EDV, $/mo) 
(DL, $/mo)  -  dockside values (DV, $/mo)     Eq. 2.  
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2.3 Statistical analysis  
 To determine the significant factors affecting monthly dockside values, the empirical 
model defined by Eq. 1 was estimated by using the ordinary least square (OLS) procedure. The 
robust variance procedure in Stata 15 (StataCorp, College Station, TX) was used in estimating the 
regression coefficients. Precise calculations of the sample-to-sample variations of the parameter 
estimates are attained with the robust variance procedure (Rogers, 1993; Williams, 2000). The 
variance inflation factor (VIF) was calculated to detect the possible presence of multicollinearity. 
The marginal impacts of the independent variables on dockside values were computed by using 
the margins procedure of Stata 15.   
The estimated dockside values (EDV) were computed in Excel by using the regression 
coefficients of Eq. 1. The estimated dockside values without disaster (EDV-ND) were computed 
by setting the regression coefficients of one or all the independent variables representing Hurricane 
Katrina, Deepwater Horizon oil spill, BCS opening, and harmful algal blooms to zero. The total 
direct losses associated with all the disasters (DLT) are equal to the difference between the 
dockside values (DV) and the estimated dockside values (EDV) assuming no disasters since 2005.   
3. RESULTS AND DISCUSSION  
3.1. Coastal hazards  
Several recent coastal events were harmful to the oyster fishery in Mississippi (Table 1). The recent 
hazards which affected the coastal areas in Mississippi included the opening of the Bonnet Carré 
Spillway due to the Mississippi River flooding events in Jan-Feb. 2016, Mar. 2018, Feb-Apr. 2019, 
and May-Jun 2019 (US-ACE, 2019). Toxic algal blooms in Nov.-Dec. 2015 in the Mississippi 
Sound led to massive fish kills in Harrison and Hancock Counties and closure of oyster reefs from 
Dec. 2015 to Feb. 2016 (MDMR, 2016).  
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Table 1. Coastal hazards which occurred in Coastal Mississippi from Aug. 2005 to Jun. 2019. 
Coastal event Dates  Description 
Hurricane Katrina Aug. 29, 2005 
MDMR (2007) reported 95% oyster 
mortalities. 
   
Deepwater Horizon 
oil spill 
Apr. 20, 2010 – Mar. 
2011 
State and federal waters closed to 
fishing (MDMR and NOAA Fisheries)  
Bonnet Carré spillway 
opening 
May 9-Jun. 20, 2011 
330 or 94% of BCS (USACE, 2019) 
bays opened. MDMR (2011a) reported 
86% oyster mortalities. 
Harmful algal blooms Nov.-Dec. 2015 
MDMR (2015b, 2016) closed the oyster 
fishery from Dec. 2015 to Mar. 2016.  
Bonnet Carré spillway 
opening 
Jan. 10-Feb. 1, 2016 
 
210 or 60% of BCS (USACE, 2019) 
bays opened. 
Bonnet Carré spillway 
opening 
Mar. 8-30, 2018 
168 or 48% of BCS (USACE, 2019) 
bays opened. 
Bonnet Carré spillway 
opening 
Feb. 27-Apr. 11, 
2019 
206 or 59% of BCS (USACE, 2019) 
bays opened. 
Bonnet Carré spillway 
opening 
May 9-Jul. 22, 2019  
168 or 48% of BCS (USACE, 2019) 
bays opened. MDMR (2019b) reported 
>95% oyster mortalities. 
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3.2. Economic recovery modeling results 
The results of the economic recovery modeling covered the period from Jan. 2005 to Dec. 2016. 
There are no monthly commercial landings data available from the NOAA Fisheries (2019b) 
starting Jan. 2017 to the present. The multiple regression results are statistically significant, with 
68% of the variations in monthly dockside values explained by the independent variables included 
in the model (Appendix A). The coefficients of most of the explanatory variables have the expected 
signs, and some are significantly different from zero. The estimated equation was used to estimate 
monthly commercial landings with and without disasters from Oct. 2005 to Dec. 2016. 
In using the regression results (Appendix A), the estimates of the dockside values were forced 
to be equal to zero when the oyster season was closed due to unfavorable environmental and 
regulatory conditions. The recent oyster seasons typically opened in Oct. or Nov. and closed in 
Mar. or Apr. when conditions are favorable. With the imposition of a quota of 30 percent of 
harvestable oysters, the duration of the oyster season became more stringent. With frequent rain 
events, freshwater intrusions, and harmful algal blooms, the oyster season became shorter. A near-
perfect fit of the actual dockside values with the estimated values was an additional indication of 
the level of accuracy of the predictive properties of the empirical economic recovery model (Fig. 
3).  
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Figure 3. Actual and estimated monthly Mississippi commercial oyster deflated dockside values from Jan. 
2002 to Dec. 2016. Legend: Dollars2 - deflated monthly dockside values ($); Estimates with disasters – 
estimated deflated monthly dockside values assuming no Katrina, Gomos, BCS opening, and HABS ($).  
3.3. Total direct losses  
The total direct losses (DLT) associated with Hurricane Katrina, Deepwater Horizon oil spill, 
Bonnet Carré Spillway openings, and harmful algal blooms are equal to the difference between the 
monthly dockside values (DV) and the estimated dockside values without disaster (EDV-ND) 
since 2005. The EDV-ND was computed using the regression coefficients of Eq. 1 assuming no 
disaster occurred since 2005.  
During the past 12 years, the total direct losses (DLT) associated with all the hazardous events 
which adversely affected the Mississippi oyster fishery averaged $3.3 (± 1.6) millions per year. 
The DLT to the state oyster fishery associated with coastal hazards during the past 12 years totaled 
$39.8 million (Fig. 4-5). The DLT does not include the foregone benefits associated with the 
nitrogen removal properties of the oysters (Flood, 2019) lost during the past hazardous coastal 
events.  
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Figure 4. Combined direct economic impacts of Katrina, Gomos, BCS Opening, and 
HABS on the Mississippi commercial oyster fishery ($M/yr) from Aug. 2005 to Dec. 2016.  
 
Figure 5. Cumulative direct economic impacts of Katrina, Gomos, BCS Opening, and HABS on the 
Mississippi commercial oyster fishery ($M/yr) from Aug. 2005 to Dec. 2016.  
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3.4. Katrina direct losses 
The direct losses associated with Hurricane Katrina (DL-HK) are equal to the difference between 
the monthly Mississippi commercial oyster dockside values (DV) and the estimated dockside 
values assuming that the hurricane did not occur in 2005 (EDV-HK). The EDV-HK was computed 
using the regression coefficients of Eq. 1 assuming no hurricane in 2005. The estimated losses due 
to Katrina (DL-HK) from Sep. 2005 to Aug. 2009 amounted to $25.8 million (Fig. 6-7). The DL-
HK represents about 65 percent of all the direct losses associated with coastal hazards from 2005 
to 2016.  
The regression results implied that Katrina had lingering effects on the oyster fishery until 
2016, despite the specification of the dummy variables representing Katrina only covered the years 
2005-2007. Since Katrina devastated almost the entire oyster fishery, it would require massive 
restoration and innovative management strategies to restore the fishery to its previous levels before 
the 2005 disaster.  
The lingering effects of Katrina on the state oyster fishery are shown by the estimates of its 
impacts beyond the specification of the dummy variable representing this natural disaster starting 
from 2010 to 2016. This massive hurricane left considerable amounts of destruction on the fishery 
so much so that up to 2016, it has never fully recovered to its pre-Katrina levels.  
 
Figure 6. Distribution of direct economic impacts of Katrina, Gomos, BCS Opening, and HABS on the 
Mississippi commercial oyster fishery ($M) from Aug. 2005 to Dec. 2016.  
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3.5. Deepwater Horizon oil spill direct losses 
The direct losses associated with the Deepwater Horizon oil spill (DL-DWD) are equal to the 
difference between the monthly Mississippi commercial oyster dockside values (DV) and the 
estimated dockside values assuming that the oil spill did not occur in 2010 (EDV-DWH). The 
EDV-DWH was computed using the regression coefficients of Eq. 1 assuming no oil spill occurred 
in 2010. The DWH oil spill created direct losses to the state oyster fishery from May 2010 to Apr 
2012, amounting to $3.4 million representing at least nine percent of all direct losses during the 
entire period (Fig. 6-7).  
However, the impacts of the DWH oil spill and BCS opening from May 2011 to Apr 2013 
were estimated jointly to avoid collinearity problems. The dummy variable representing the oil 
spill only covered April 2010 to April 2011 but did not include May 2011 to Apr 2013 to avoid 
multicollinearity with the dummy variable representing BCS opening in May 2011 to Apr 2013. 
Therefore, the coefficient of the dummy variable representing the BCS opening in May 2012 to 
Apr 2013 measures the joint impacts of the oil spill and opening in those months. The estimates 
of the losses due to the DWH oil spill are under-reported since its impacts from May 2011 to Apr. 
2013 cannot be isolated from the estimates of the BCS opening impacts.   
3.6. Bonnet Carré spillway opening direct losses  
The direct losses associated with the BCS opening (DL-BCS) are equal to the difference between 
the monthly Mississippi commercial oyster dockside values (DV) and the estimated dockside 
values assuming that the opening did not occur in 2011 (EDV-BCS). The EDV-BCS were 
computed using the regression coefficients of Eq. 1 assuming no opening occurred in 2011.  
The BCS opening in 2011 left massive mortalities on the state oyster fishery resulting in direct 
economic losses totaling $10.0 million from May 2011 to Dec 2014 (Fig. 6-7). The estimates of 
direct losses associated with the BCS opening correspond to about 25 percent of all the total direct 
losses to the oyster fishery from 2005 to 2016. These estimates, however, are over-reported since 
its impacts from May 2011 to Apr. 2013 includes the DWH oil spill impacts.  
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Figure 7. Distribution of total direct economic impacts of Katrina, Gomos, BCS Opening, and HABS on the 
Mississippi commercial oyster fishery ($M and %) from Aug. 2005 to Dec. 2016.  
3.7. Harmful algal bloom direct losses  
The direct losses associated with the harmful algal blooms (DL-HABS) are equal to the difference 
between the monthly Mississippi commercial oyster dockside values (DV) and the estimated 
dockside values assuming that there were no HABS in 2015 (EDV-HABS). The EDV-HABS were 
computed using the regression coefficients of Eq. 1, assuming no HABS occurred in 2015.  
The HABS in Nov.-Dec., 2015, caused the closure of the oyster fishery from Dec. 2015 to 
Mar. 2016. This four-month closure caused direct economic losses to the state oyster fishery 
amounting to about $0.47 million (Fig. 6-7), representing about one percent of the total direct 
losses during the entire period.   
 
15
Posadas: Economic Impacts of Coastal Hazards on Mississippi Oyster Fishery
Published by Digital Commons @ Center for the Blue Economy, 2019
 
 
3.8. Relaying and cultch planting direct impacts 
The direct benefits associated with oyster relaying and cultch planting (DB-RP) are equal to the 
difference between the estimated dockside values with no disaster since 2005 (EDV-ND) and the 
estimated dockside values assuming that there were no relaying and planting (EDV-RP). The 
EDV-ND and EDV-RP were computed using the regression coefficients of Eq. 1 assuming no 
disaster and relaying and planting since 2005.  
The restoration activities conducted by the state from Nov. 2006 to June 2014 were expected 
to produce more productive public oyster reefs starting from Oct. 2007 to May 2017. The state 
spent a total of $28.5 million (or $31.5 million in 2016 dollars) on relaying oysters and planting 
cultch materials in various public reefs during the above period. The estimated increase in the 
dockside values from Oct. 2007 to May 2016 reached $7.98 million, assuming no coastal hazards 
were affecting the state oyster fishery. The sum of the coefficients of all the relaying dummy 
variables was 0.55, implying that for every dollar spent on relaying and cultch planting, dockside 
values increased by 55 cents during the succeeding 12-41 months (Appendix A).  
 
 
Figure 8. Deflated total costs and direct economic impacts of oyster relaying and cultch planting on 
Mississippi oyster fishery, Nov. 2006 to Dec. 2016.  
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4. CONCLUSIONS AND IMPLICATIONS 
This paper quantified the commercial fishery impacts consisting of wild harvest losses of oysters 
by commercial Mississippi fishers due to coastal hazards since 2005. One of the limitations of this 
paper is that the economic impacts on public health, recreation and tourism, and environmental 
monitoring and management were not included in the estimation process. The foregone benefits 
associated with nitrogen removal properties of the oysters lost during the past hazardous coastal 
events were not included in the estimation. These losses are direct impacts and do not include the 
indirect and induced effects of foregone sales of oyster products lost due to coastal hazards.  
The cumulative economic impacts of coastal hazards on the Mississippi oyster fishery included 
the direct losses associated with Katrina in 2005, the oil spill in 2010, spillway opening in 2011, 
and harmful algal blooms in 2015. The total direct losses from 2005 to 2016 reached almost $40 
million, averaging about $3.3 million per year. Attempts were made to segregate the individual 
impacts of each type of coastal hazard on direct losses to the commercial fishery. The individual 
direct losses due to Katrina were isolated from the total, but it seems that its impacts lingered 
during the entire period. The total direct losses attributable to Katrina amounted to almost $26 
million or about 65 percent of the total direct losses. The total direct losses associated with the oil 
spill reached more than $3 million or at least nine percent of the total. The direct losses from the 
oil spill were partially segregated but cannot be isolated from the impacts of the spillway opening 
in 2011-13. The total direct impacts of the spillway opening amounted to almost $10 million or 25 
percent of the total direct losses. The effects of the spillway opening in 2011-13 are interpreted as 
the combined effects of the oil spill and spillway opening. The recovery model estimated the 
individual direct losses due to harmful algal blooms. The closure of the fishery due to algal blooms 
caused direct losses amounting to $0.47 million or one percent of the total direct losses.  
The results of the economic recovery analysis provide insights on the economic implications 
of the prolonged exposure of the Mississippi Sound to excessive freshwater intrusion to the 
commercial oyster fishery. The prolonged and twice openings of the Bonnet Carré Spillway in 
Feb.- Apr. 2019, and May-Jul. 2019 brought unwanted freshwater algal blooms, sediments, 
pollutants, and excessive freshwater to the Mississippi Sound. These coastal events impacted water 
quality and, more specifically, lowered salinity to critical levels, which caused massive oyster 
mortalities. Eventually, fewer or no new oysters will be available in the public reefs for harvest in 
the succeeding years unless extensive restorations efforts are undertaken. 
The fishery cannot rely on its own to recover without management intervention and alternative 
production systems. As concluded by Posadas and Posadas (2017a), “the Mississippi oyster 
industry underwent severe economic hardships due to the massive destruction and frequent 
closures of the state public reefs associated with natural and technological disasters since 2005. 
The absence of access to public reefs caused the shutdown of oyster-harvesting activities and 
associated processing and distribution activities.” They recommended that “the post-disaster 
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economic recovery of the state’s oyster fishery depends on the immediate and timely 
implementation of appropriate restoration efforts and disaster assistance to oystermen. The long-
term economic recovery of the oyster fishery requires the immediate implementation of the 
recommendations, projects, and programs outlined by the Governor’s Oyster Restoration and 
Resiliency Council.”  
5. REFERENCES  
Adams, Charles M., and Sherry L. Larkin. 2013. “Economics of Harmful Algal Blooms: Literature 
Review”. Food and Resource Economics Department Project Report, University of Florida, 2013.  
Anderson, Donald M., Porter Hoagland, Yoshi Kaoru, and Alan W. White. “Estimated Annual 
Economic Impacts of Harmful Algal Blooms (HABs) in the United States.” WHOI Technical 
Report WHOI-2000-11, Wood Hole Oceanographic Institution, 2000. 
Athearn, Kevin. “Economic Losses from Closure of Shellfish Harvesting Areas in Maine”. 
http://www.umm.maine.edu/assets/docs/appliedResearch/eco_losses_shellfish_jan08.pdf. The 
University of Maine at Machias, 2008. 
BLS. 2019. “Local Area Unemployment Statistics”. Bureau of Labor Statistics. Accessed February 
13, 2019. https://www.bls.gov/lau/.  
Dyson, Karen, and Daniel D. Huppert. “Regional Economic Impacts of Razor Clam Beach 
Closures due to Harmful Algal Blooms (HABs) on the Pacific Coast of Washington.” Harmful 
Algae 9 (November 2010): 264-271.  
Evans, Keith S., Kevin Athearn, Xuan Chen, Kathleen P Bell, and Tora Johnson. “Measuring the 
impact of pollution closures on commercial shellfish harvest: The case of soft-shell clams in 
Machias Bay, Maine”. Publications. 92. 
https://digitalcommons.library.umaine.edu/mitchellcenter_pubs/92. University of Maine, 2016. 
Flood, Jefferson. 2019. “Evaluating Oyster Aquaculture’s Cost-Effectiveness as a Nitrogen 
Removal Best Management Practice – A Case Study of the Delaware Inland Bays.” Journal of 
Ocean and Coastal Economics 6, no. 1 (June 2019): Article 4. DOI: 
https://doi.org/10.15351/2373-8456.1064.  
Haigh, Nicola, and Svetlana Esenkulova. “Economic losses to the British Columbia salmon 
aquaculture industry due to harmful algal blooms, 2009–2012,” in the Proceedings of the 
Workshop on Economic Impacts of Harmful Algal Blooms on Fisheries and Aquaculture, edited 
by Vera L. Trainer and Takafumi Yoshida, 2-6. Vancouver: PICES Scientific Report No. 47, 2014. 
 
18





Hoagland, Porter, Donald M. Anderson, Yoshi Kaoru, and Alan W. White. “The Economic Effects 
of Harmful Algal Blooms in the United States: Estimates, Assessment Issues, and Information 
Needs.” Estuaries 26, no. 4b (August 2002): 819–837. 
Hoagland, Porter, and Sara Scatasta. “The Economic Effects of Harmful Algal Blooms.” in the 
Ecology of Harmful Algae. Ecological Studies (Analysis and Synthesis),  edited by E. Granéli 
and J.T. Turner, 189 (2006):391-402.   
Jin, Di., Eric Thunberg, and Peter Hoagland. “Economic Impact of the 2005 Red Tide Event on 
Commercial Shellfish Fisheries in New England.” Ocean and Coastal Management 51, no. 5 
(December 2008): 420–429.  
MDEQ. “MDEQ Maintains Water Contact Warnings Across Mississippi Gulf Coast.” Mississippi 
Department of Environmental Quality. Accessed July 3, 2019. 
https://www.mdeq.ms.gov/mdeq-maintains-water-contact-warnings-across-mississippi-
gulf-coast/. 
MDEQ. “Making Mississippi Whole. $11 Million Oyster Reef Restoration Project.” Mississippi 
Department of Environmental Quality. Accessed October 31, 2016. 
https://www.mdeq.ms.gov/wp-content/uploads/2017/09/2016-Addendum-FINAL-
10.31.2016.pdf.  
MDMR. “2016-2017 Annual Report.” Mississippi Department of Marine Resources. Accessed 
July 3, 2019. http://dmr.ms.gov/images/reports/2016-2017-mdmr-annual-report-2.pdf.   
MDMR. “June Mississippi Commission on Marine Resources Monthly Meeting.” Mississippi 
Department of Marine Resources. Accessed July 3, 2019. 
http://dmr.ms.gov/images/cmr/presentations/20190618-CMR-Presentations-ALL.pdf.  
MDMR. “January Mississippi Commission on Marine Resources Monthly Meeting”. Mississippi 
Department of Marine Resources. Accessed December 13, 2016.  
http://dmr.ms.gov/images/cmr/transcripts/01-19-16-Transcript.pdf.  
MDMR. “MDMR closes oyster reefs and MDEQ closes beach due to algal bloom.” Department 
of Marine Resources. Accessed December 12, 2015. https://dmr.ms.gov/mdmr-closes-oyster-
reefs-and-mdeq-closes-beach-due-to-algae-bloom/.   
MDMR. “The Governor’s Oyster Restoration and Resiliency Council Final Report.” Mississippi 
Department of Marine Resources. Accessed August 10, 2015. 
http://www.dmr.ms.gov/index.php/aquaculture-home/oyster-council.   
19
Posadas: Economic Impacts of Coastal Hazards on Mississippi Oyster Fishery
Published by Digital Commons @ Center for the Blue Economy, 2019
 
 
MDMR. “The Oystermen’s Guide to Mississippi Gulf Coast Oyster Reefs.” Mississippi 
Department of Marine Resources. Accessed October 5, 2013. 
http://www.dmr.state.ms.us/images/publications/2013-oystermens-guide.pdf.  
MDMR. “Mississippi River/Bonnet Carré Spillway Flood Operation.” Shellfish Bureau Status 
Report, Mississippi Department of Marine Resources, 2011.  
MDMR. “Oyster Season Update.” Shellfish Bureau Status Report, Mississippi Department of 
Marine Resources, 2011.  
MDMR. “Oyster Industry Update.” Rebuilding Mississippi’s Oyster Reefs Newsletter. Mississippi 
Department of Marine Resources, March 2007. 
MDMR. “Hurricane Impacts on Oyster Reefs in the Mississippi Sound.” Shellfish Bureau Status 
Report, Mississippi Department of Marine Resources, 2005. 
NOAA Fisheries. “Fishery Disaster Determinations.” National Oceanic and Atmospheric 
Administration - Fisheries. Accessed January 15, 2019. 
https://www.fisheries.noaa.gov/national/funding-and-financial-services/fishery-disaster-
determinations.   
NOAA Fisheries.  “Commercial Fisheries Statistics.” National Oceanic and Atmospheric 
Administration - Fisheries. Accessed January 15, 2019. 
https://www.fisheries.noaa.gov/national/sustainable-fisheries/commercial-fisheries-landings.  
Posadas, Benedict C. “Economic Recovery Paths of Mississippi Oyster Harvesting.” Paper 
presented at the 6th National Forum on Socioeconomic Research in Coastal Systems, 2019.  
Posadas, Benedict C., and Benedict Kit A. Posadas, Jr. Economic Impacts of the Opening of the 
Bonnet Carré Spillway to the MS Oyster Fishery. Mississippi State University Extension Service 
Publication 2848, 2017.  
Posadas, Benedict C., and Benedict Kit A. Posadas, Jr. “Economic Impacts of the Opening of the 
Bonnet Carré Spillway to the MS Oyster Fishery.” Journal of Food Distribution Research 48, no. 
1 (March 2017): 42-45. 
Posadas, Benedict C. Economic Impacts of the Deepwater Horizon Oil Spill to MS Seafood and 
Commercial and Recreational Fishing Sectors in the Year 2010. Mississippi Agricultural and 
Forestry Experiment Station Bulletin 1218, 2015.  
Posadas, Benedict C., Posadas, Ruth A., and Perret, William S. “Estimating Economic Damages 
to MS Commercial and Recreational Fishing Industries From Hurricane Katrina.” In Mitigating 
20





Impacts of Natural Hazards of Fishery Ecosystems, edited by Katherine D. Mclaughlin, 131-144. 
American Fisheries Society Symposium 64, 2008. 
Posadas, Benedict C. Economic Assessment of the Impacts of Hurricane Katrina on Mississippi 
Commercial Fishing Fleet. Mississippi Agricultural and Forestry Experiment Station Bulletin 
Bulletin 1165, 2008.  
Rogers, William H. “Regression standard errors in clustered samples.” Stata Technical Bulletin 
13:19-23. Reprinted in Stata Technical  Bulletin Reprints 3 (1993):88-94.    
Trainer, Vera L., and Takafumi Yoshida. (eds.) Proceedings of the Workshop on Economic 
Impacts of Harmful Algal Blooms on Fisheries and Aquaculture. PICES Scientific Report No. 47, 
Vancouver, 2014. 
USACE. “Spillway Operation Information.” U.S. Army Corps of Engineers, New Orleans District. 
Accessed July 5, 2019.  https://www.mvn.usace.army.mil/Missions/Mississippi-River-Flood-
Control/Bonnet-Carre-Spillway-Overview/Spillway-Operation-Information/.  
USEIA. “Gulf Coast No. 2 Diesel Retail Prices.” U.S. Energy Information Administration. 
Accessed January 15, 2019. 
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=emd_epd2d_pte_r30_dp
g&f=m.  
USGS. “National Water Information System: Web Interface.” U.S. Geological Survey.  Accessed 
July 5, 2019. https://nwis.waterdata.usgs.gov/nwis.  
Williams, Rick L. “A Note on Robust Variance Estimation for Cluster-Correlated Data.”  




Posadas: Economic Impacts of Coastal Hazards on Mississippi Oyster Fishery
Published by Digital Commons @ Center for the Blue Economy, 2019
 
 
6. APPENDIX A 
 
Multiple linear regression results of the economic recovery model with deflated monthly dockside values 
of Mississippi commercial oyster landings as the dependent variable, Jan. 2002 to Dec. 2016 
Variable Description Coefficient 
Standard 
error 
Time * Year = 2002, 2003, …, 2016 88,081.19 43,466.91 
Month    
Feb =1, if Feb; =0, if otherwise  -187,733.70 110,769.40 
Mar ns =1, if Mar; =0, if otherwise -168,380.40 101,862.20 
Apr ns =1, if Apr; =0, if otherwise -105,306.70 131,577.50 
May* =1, if May; =0, if otherwise -295,711.20 119,449.10 
Jun ns =1, if Jun; =0, if otherwise -179,875.70 137,003.50 
Jul ns =1, if Jul; =0, if otherwise -230,349.70 126,120.70 
Aug* =1, if Aug; =0, if otherwise -266,461.10 121,212.80 
Sep* =1, if Sep; =0, if otherwise -363,173.70 122,432.90 
Oct ns =1, if Oct; =0, if otherwise 172,515.10 138,236.50 
Nov ns =1, if Nov; =0, if otherwise 236,567.00 164,927.70 
Dec ns =1, if Dec; =0, if otherwise 118,834.40 188,607.50 
    
Diesel2 ns Deflated diesel price ($/gal) 40,236.05 103,628.70 
Gulfevp2** Deflated oyster price ($/lb) -562,341.90 174,944.10 
Shrimpevp2 ns Deflated shrimp price ($/lb) 47,360.07 76,520.20 
Urate* Unemployment rate (%) -94,845.15 49,054.49 
Open*** = 1, if season is open; =0 if otherwise 426,584.50 69,774.29 
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=1, if Katrina affect landings in Sep 2005 to Aug 
2006; =0, if otherwise  
-71,235.74 137,640.20 
Katrina06* 
=1, if Katrina affect landings in Sep 2006 to Aug 
2007; =0, if otherwise 
-327,243.20 134,607.80 
Katrina07*** 
=1, if Katrina affect landings in Sep 2007 to Aug 
2008; =0, if otherwise 
-913,317.10 210,648.20 
Gomos10** 
=1, if Gomos affect landings in May 2010 to Apr 
2011; =0, if otherwise 
-645,877.90 186,441.40 
Opening11** 
=1, if BCS opening affect landings in May 2011 
to Apr 2012; =0, if otherwise 
-724,555.30 236,844.90 
Opening12** 
=1, if BCS opening affect landings in May 2012 
to Apr 2013; =0, if otherwise 
-685,551.10 211,004.00 
Opening13** 
=1, if BCS opening affect landings in May 2013 
to Apr 2014; =0, if otherwise 
-449,085.80 179,009.80 
Opening16 ns 
=1, if BCS opening affect landings in May 2016 
to Dec 2016; =0, if otherwise 
-173,417.70 218,067.20 
Algal15 ns 
=1, if algal blooms affect landings in Nov 2015 
to Sep 2016; =0, if otherwise 
-23,790.66 203,903.10 
Relaying12ns 
Deflated cost of relaying and cultch planting 
lagged 12 months ($/mo) 
0.05 0.04 
Relaying13 ns 
Deflated cost of relaying and cultch planting 
lagged 13 months ($/mo) 
-0.03 0.04 
Relaying14* 
Deflated cost of relaying and cultch planting 
lagged 14 months ($/mo) 
0.12 0.04 
Relaying15ns 
Deflated cost of relaying and cultch planting 
lagged 15 months ($/mo) 
0.04 0.06 
Relaying16 ns 
Deflated cost of relaying and cultch planting 
lagged 16 months ($/mo) 
-0.08 0.06 
Relaying17 ns 
Deflated cost of relaying and cultch planting 
lagged 17 months ($/mo) 
0.04 0.06 
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Deflated cost of relaying and cultch planting 
lagged 24 months ($/mo) 
0.09 0.06 
Relaying25 ns 
Deflated cost of relaying and cultch planting 
lagged 25 months ($/mo) 
0.02 0.04 
Relaying26 ns 
Deflated cost of relaying and cultch planting 
lagged 26 months ($/mo) 
0.03 0.04 
Relaying27 ns 
Deflated cost of relaying and cultch planting 
lagged 27 months ($/mo) 
-0.02 0.05 
Relaying28 ns 
Deflated cost of relaying and cultch planting 
lagged 28 months ($/mo) 
-0.05 0.05 
Relaying29 ns 
Deflated cost of relaying and cultch planting 
lagged 29 months ($/mo) 
-0.01 0.05 
Relaying36* 
Deflated cost of relaying and cultch planting 
lagged 36 months ($/mo) 
0.11 0.04 
Relaying37 ns 
Deflated cost of relaying and cultch planting 
lagged 37 months ($/mo) 
0.04 0.06 
Relaying38 ns 
Deflated cost of relaying and cultch planting 
lagged 38 months ($/mo) 
-0.04 0.06 
Relaying39 ns 
Deflated cost of relaying and cultch planting 
lagged 39 months ($/mo) 
0.08 0.07 
Relaying40 ns 
Deflated cost of relaying and cultch planting 
lagged 40 months ($/mo) 
0.07 0.05 
Relaying41 ns 
Deflated cost of relaying and cultch planting 
lagged 41 months ($/mo) 
0.09 0.06 
Constant *** 
Deflated mean value of dockside sales if all 
independent variable are zero ($) 
2,336,068.00 623,095.40 
    
Number of observations 180.00  
F(44,135)  7.30  
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Prob > F(44,135) *** 0.00  
R-squared   0.68  
Root MSE     340,000.00  
 
*, **, *** - statitiscally significant at 0.05, 0.01, and 0.001.  
ns – not statistically significant at 0.05. 
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